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Abstract: Bermudagrass has important application value in landscaping and ecological restoration because of its
strong drought resistance, saline-alkali resistance, and developed rhizomes and stolons. However, the molecu-
lar mechanism of its response to alkaline salt stress is still unclear. The WRKY gene family plays an important
role in plant growth, development and defense against biotic and abiotic stresses, but it has not been fully identi-
fied in bermudagrass. Therefore, based on genomic data, this study systematically identified the physical and
chemical properties, chromosome distribution, cis-acting elements, gene structure, conserved motifs and phy-
logenetic trees of WRKY gene family members in bermudagrass. At the same time, based on transcriptome
data, the expression pattern of its family members under alkaline salt stress was analyzed. The results showed
that 129 WRKY transcription factors were identified in the bermudagrass genome and named according to their
location on the chromosome. Phylogenetic analysis was carried out by comparing with Arabidopsis WRKY pro-
tein, and the above transcription factors were divided into three families : I, II and III, which were unevenly
distributed on 18 chromosomes with the largest number of chromosomes 7 (22). Collinearity analysis showed
that fragment replication mainly drove the evolution of Cd WRKYs in bermudagrass. Based on the transcrip-
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tome data, 11 differentially expressed Cd WRKY's under alkaline salt stress were screened out. The qRT-PCR
analysis showed that the expression levels of CA{WRKY59, CAWRKYS81, CAWRKY 113 and CdAWRKY 126
reached the peak at 3 h, and their expression folds were 99. 6-312. 3 times than the control. It is speculated that
these WRKY family members might play an important role in alkaline salt stress tolerance. The results of this

study analyzed the role of WRKY genes in the response of bermudagrass to alkaline salt stress, and laid a foun-

dation for further functional analysis of WRKY gene family.
Key words: Bermudagrass; WRKY transcription factor; Genome-wide identification; Alkaline salt stress;
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Table 1 QRT-PCR primers of Cd WRKYs gene

K 4 FR Gene name

EM G185 to 3 Forward primer(5' to 3"

S 5181 (3't0 57 Reverse primer(3'to 5

CdWRKY5 CGCTGCCGACTTCTTCGACTTC CACCAATCCGCCACTATCCATCAG
CdWRKYY CGACGCAGCACGACGGAAAG CGCCACCTCTGCTTGCTTCTG
CdWRKY19 TGCCGTGCTCCATCTTCATCAAC TGCTACCATATCGCCAACAACCG
CdWRKY53 AAGTGCGGCGTGAAGAAGCG GGACTGTGGTGCGTGTGCTG
CdWRKY59 ACGACGGCACCGAAGACCTC GGACGACGACGACGACGACCTCTC
CdWRKY63 TCACGGTGGTAGCGGTAGCG GGAACGAGCGAGATGACGAAAGC
CdWRKYS80 GAACCCAGAACTCGTCGGTCAAC CGCAGTGCTGGTCGTACTTGTG
CdWRKYS81 AGCAACAACAACAGCAACACCAAG GACCGCTCCACCTTCTTCTTCATG
CdWRKY 100 AAGTGCGGCGTGAAGAAGCG GGACTGTGGTGCGTGTGCTG
CdWRKY113 ACGCCCTCGGTATGCCTTCC GCCTTCTGTCCGTACTTTCTCCAC
CdWRKY126 GAGGTGACAAGGCACTCGAATCTG TTGAACAGGAACCGCAGCAGAAG
WZHN EF la TGTCCCTGTCGGTCGTGTT AGCCTCATGGTGCATCTCA
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Fig.1 Chromosomal distribution of Cd WRKYs gene family members
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Table 2 CdWRKYs transcription factor family members information

W SRR A4 FR e PL/ Mw/ - W sRA A FR SEH £ PL/  Mw/ Pl s
Gene name Gene ID aa kDa ) Gene name Gene 1D aa kDa

rmna-ChrlA _Cdall865.1 CdWRKYI1 560 60.05 5.36 Nucl || rna-Chr4A _Cda20735.3 CdWRKY66 312 35.39 8.70 Pero
ma-ChrlA_Cdal2582.1 CdWRKY2 230 2548 9.12 Nucl || ma-ChrdA _Cda20735.2 CdWRKY67 336 37.30 6.33 Pero
rmna-ChrlA _Cdal3442.2 CdWRKY3 199  20.72 10.59 Nucl || rna-Chr4A _Cda20735.1 CdWRKY68 373 41.82 7.57 Pero
ma-ChrlA _Cdal5271.1 CdWRKY4 371  39.74 5.17 Nucl || rna-Chr4A _Cda20787.1 CdWRKY69 346 37.46  9.88 Nucl
ma-ChrlB_Cdall922.1 CdWRKY5 475 50.09 5.82 Nucl || rna-Chr4A _Cda21010.2 CdWRKY70 492 51.90 8.13 Nucl
ma-Chr1lB_Cdal3010.1 CdWRKY6 259 27.33 9.73 Nucl || rna-Chr4B _Cdal8668.1 CJdWRKY71 356 38.64 6.63 Pero
rma-Chr1lB_Cdal3952.1 CdWRKY7 409 43.94 5.65 Nucl || rna-ChrdB_Cdal9016.1 CdWRKY72 390 41.58 9.18 Nucl
ma-ChrlB_Cdal5301.1 CdWRKYS8 347 37.83 8.44 Nucl || ma-Chr4B_Cdal9255.1 CdWRKY73 425 45.80 6.42 Nucl
rma-Chr2A _Cda07705.1 CdWRKY9 402  43.64 9.35 Chlo || ma-ChrdB_Cda20045.2 CdWRKY74 341 37.16 10.14 Nucl
ma-Chr2A _Cda08362.1 CdWRKYI10 560  60.09 5.73 Nucl || rna-Chr4B_Cda20759.1 CdWRKY75 327 33.96 5.68 Nucl
rna-Chr2A _Cda08362.2 CdWRKY1l 616 66.65 5.99 Chlo || rna-Chr4B_Cda20836.1 CdWRKY76 223 24.22 8.62 Nucl
rma-Chr2A _Cda09029.2 CdWRKY12 386 41.71 7.55 ER | ra-Chr5A _Cda28719.1 CdWRKY77 525 54.57 6.22 Nucl
rna-Chr2A _Cda09029.1 CdWRKY13 309 33.28 6.32 Nucl || rna-Chr5A _Cda29105.1 CdWRKY78 199 21.89 6.52 Nucl
rma-Chr2A _Cda09065.1 CdWRKYI14 123 13.61 9.61 Nucl || rna-Chr5A _Cda29468.1 CdWRKY79 394 42.00 6.84 Nucl
ma-Chr2A _Cda09219.1 CdWRKY15 369 39.48 5.90 Nucl || ma-Chr5A _Cda29470.2 CdWRKYS80 318 34.32 6.95 Mito
rmna-Chr2A _Cda09220.1 CdWRKY16 422  44.26 4.89 Nucl || rna-Chr5A _Cda29510.1 CdWRKYS81 257 63.88 5.04 Nucl
ma-Chr2A _Cdall034.1 CdWRKY17 357 37.59 6.17 Nucl || rna-Chr5A _Cda30270.1 CdWRKYS82 291 31.35 4.71 Nucl
rma-Chr2B _Cda08051.1 CdWRKY18 525 56.55 5.47 Nucl || rna-Chr5A _Cda30271.1 CdWRKYS83 198 22.12 5.96 Chlo
ma-Chr2B _Cda08409.1 CdWRKY19 266 28.94 6.15 Nucl || rna-Chrb5A _Cda30272.1 CdWRKYS84 285 31.14 4.96 Nucl
rna-Chr2B_Cda08410.1 CdWRKY20 311 33.42 6.66 Chlo || ma-Chr5A _Cda30273.1 CdWRKYS85 275 30.45 7.68 Nucl
rmna-Chr2B_Cda08664.2 CdWRKY21 388 41.70 8.14 Nucl || rna-Chr5A _Cda30645.1 CdWRKYS86 236 24.59 6.49 Nucl
rna-Chr2B_Cda08863.1 CdWRKY22 372  39.78 6.15 Cyto || rna-Chr5A_Cda30840.1 CdWRKY87 684 72.43 8.70 Nucl
ma-Chr2B_Cdal0763.1 CdWRKY23 624 6548 6.88 Nucl || rna-Chr5A _Cda30936.1 CdWRKYS88 295 31.36 7.27 Nucl
rna-Chr3A _Cda00837.1 CdWRKY24 322 34.08 7.51 Nucl || rna-Chr5B_Cda28320.1 CdWRKYS89 202 21.74 5.64 Chlo
rmna-Chr3A _Cda00987.1 CdWRKY25 284 30.35 6.25 Nucl || rna-Chr5B_Cda28323.1 CdWRKY90 283 30.48 5.99 Nucl
rna-Chr3A _Cda00989.1 CdWRKY26 326 36.18 5.56 Chlo || rna-Chr5B_Cda29072.1 CdWRKY91 545 58.40 6.07 Nucl
rna-Chr3A _Cda00992.1 CdWRKY27 256 28.89 5.72 Nucl || rna-Chr5B_Cda29085.1 CdWRKY92 169 19.07 8.50 Chlo
ma-Chr3A _Cda00993.2 CdWRKY28 253 28.41 6.41 Nucl || ma-Chr5B_Cda29086.1 CdWRKY93 316 34.69 4.87 Nucl
rma-Chr3A _Cda01390.1 CdWRKY29 313  33.79 5.07 Nucl || rna-Chr5B_Cda29387.1 CdWRKY94 223 23.98 9.05 Nucl
ma-Chr3A _Cda01390.2 CdWRKY30 357  38.47 5.26 Nucl || rna-Chr5B_Cda29621.1 CdWRKY95 405 42.80 6.79 Nucl
rma-Chr3A _Cda01486.1 CdWRKY31 238 25.56 8.65 Nucl || rna-Chr5B_Cda29653.1 CdWRKY96 324 35.42 5.16 Nucl
ma-Chr3A _Cda01497.1 CdWRKYJ32 316  32.52 5.31 Nucl || rna-Chr5B _Cda29738.1 CdWRKY97 298 32.70 5.15 Nucl
ma-Chr3A _Cda01594.2 CdWRKY33 155 17.72  9.30 Cyto || ma-Chr6A _Cdal8172.1 CdWRKY98 234 25.68 8.58 Nucl
ma-Chr3A _Cda01878.1 CdWRKY34 377 39.65 6.50 Nucl || rna-Chr6A _Cdal8545.1 CdWRKY99 304 32.05 10.09 Nucl
rna-Chr3A _Cda02095.2 CdWRKY35 344 37.30  6.54 Nucl || rna-Chr6B _Cdal6336.1 CdWRKY100 326 34.72 9.39 Nucl
ma-Chr3A _Cda02101.3 CdWRKY36 249  26.63 10.00 Nucl || rna-Chr6B_Cdal7069.1 CdWRKY101 243 26.77 5.96 Pero
rma-Chr3A _Cda02101.1 CdWRKY37 363  38.75 7.70 Nucl || ma-Chr6B_Cdal7070.1 CdWRKY102 288 32.06 5.74 Nucl
ma-Chr3A _Cda02749.2 CdWRKY38 314  34.53 7.48 Nucl || rna-Chr6B_Cdal7189.1 CdWRKY103 710 75.49 7.97 Nucl
rma-Chr3A _Cda02749.1 CdWRKY39 277  30.33  6.25 Nucl || ma-Chr6B_Cdal7602.2 CdWRKY104 168 19.29 9.57 Mito
rma-Chr3A _Cda02750.1 CdWRKY40 289  33.04 6.10 Nucl || rna-Chr6B_Cdal7602.3 CdWRKY105 200 21.98 9.15 Cyto
ma-Chr3A _Cda02751.1 CdWRKY41 226  25.18 9.30 Nucl || ma-Chr6B_Cdal7915.1 CdWRKY106 476 50.41 5.83 Nucl
rma-Chr3A _Cda03116.3 CdWRKY42 354 37.91 9.96 Nucl || rna-Chr7A _Cda23931.1 CdWRKY107 659 70.92 6.57 Nucl
mna-Chr3A _Cda03523.1 CdWRKY43 483 51.70 8.16 Nucl || rmna-Chr7A _Cda23931.5 CdWRKY108 361 39.90 6.28 Nucl
rma-Chr3A _Cda03953.1 CdWRKY44 278  30.97 4.87 Nucl || rna-Chr7A _Cda25853.1 CdWRKY109 340 35.72 6.38 Nucl
ma-Chr3A _Cda04633.4 CdWRKY45 424  43.41 9.30 Chlo || rma-Chr7A _Cda25853.3 CdWRKY110 282 31.14 9.89 Nucl
rma-Chr3B_Cda00028.1 CdWRKY46 342 38.07 5.53 Nucl || rna-Chr7B_Cda22398.1 CdWRKYI11l 329 34.25 8.47 Nucl
rma-Chr3B_Cda00937.1 CdWRKY47 549  59.11 6.20 Nucl || rna-Chr7B_Cda23014.5 CdWRKY112 338 37.04 5.61 ER
rma-Chr3B_Cda00969.1 CdWRKY48 282 29.85 5.98 Nucl || rna-Chr8A _Cda05899.1 CdWRKY113 185 45.38 5.16 Nucl
rma-Chr3B_Cda00970.1 CdWRKY49 284  30.50 5.81 Nucl || rna-Chr8A _Cda07097.1 CdWRKY114 187 20.72 6.02 Nucl
rma-Chr3B_Cda00973.1 CdWRKY50 308  33.57 5.08 Nucl || ma-Chr8B_Cda05779.1 CdWRKY115 358 39.22 5.05 Nucl
ma-Chr3B_Cda01582.1 CdWRKY51 201  21.89 8.81 Chlo || rna-Chr8B_Cda05780.1 CdWRKY116 336 37.17 5.70 Chlo
ma-Chr3B_Cda01911.1 CdWRKY52 384  40.92 6.55 Nucl || rna-Chr8B_Cda05781.1 CdWRKY117 159 16.93 9.46 Mito
rma-Chr3B_Cda02062.1 CdWRKY53 207  23.35 9.36 Nucl || rna-Chr8B_Cda05781.4 CdWRKY118 225 25.07 9.41 Nucl
ma-Chr3B_Cda02299.1 CdWRKY54 348 36.98 9.21 Nucl || rna-Chr8B_Cda05782.1 CdWRKY119 290 33.29 6.94 Nucl
rna-Chr3B_Cda02308.1 CdWRKY55 253  28.02 9.83 Nucl || rna-Chr8B_Cda05783.1 CdWRKY120 283 32.55 5.65 Nucl
ma-Chr3B_Cda03770.1 CdWRKY56 277  30.63 4.94 Nucl || ma-Chr8B_Cda05784.1 CdWRKY121 340 37.38 5.43 Pero
ma-Chr3B_Cda04472.1 CdWRKY57 633  67.29 7.79 Nucl || rna-Chr8B_Cda05792.1 CdWRKY122 565 62.83 5.66 Nucl
ma-Chr3B_Cda04556.1 CdWRKY58 228 24.90 6.29 Nucl || rna-Chr9A _Cda26548.2 CdWRKY 123 236 26.25 8.78 Nucl
rma-Chr3B_Cda04557.1 CdWRKY59 492  50.94 8.31 Nucl || rna-Chr9A _Cda26593.1 CdWRKY124 782 90.34 6.45 Nucl
rma-Chr3B_Cda04580.1 CdWRKY60 257 27.71 9.86 Chlo || rna-Chr9A _Cda26775.1 CdWRKY125 303 31.83 10.23 Nucl
rna-Chr3B_Cda05608.1 CdWRKY61 535 56.68 6.35 Nucl || rna-Chr9A Cda26930.1 CdWRKY126 614 66.16 5.49 Cyto
ma-Chr4A _Cdal9970.1 CdWRKY62 318 33.25 6.18 Nucl || rna-Chr9A _Cda27238.1 CdWRKY127 295 31.95 6.04 Nucl
rma-ChrdA _Cda20100.1 CdWRKY63 389  42.01 10.05 Nucl || rna-Chr9A _Cda27858.1 CdWRKY128 675 73.53 6.51 Nucl
rmna-Chr4A _Cda20609.1 CdWRKY64 130 13.87 8.55 Nucl || rna-Chr9B_Cda25562.1 CdWRKY129 501 54.35 6.07 Nucl
ma-ChrdA _Cda20609.3 CdWRKY65 81 8.53  8.69 Nucl
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Fig.2 Phylogenetic tree of WRKY gene family in bermudag-

rass and Arabidopsis thaliana

2.4 CdWRKYs £ F K & B 5 B motif 53 #7 #1 & &
LIS

FIH MEME T2 73 8 i 4 R WRKY 25 1 (9 £
SEELE S5 R KM , CAWRK Y & A F 5] 4t 4335 10
AMRSF motif, L PR G807 A 0t moti {850 — Mk 1~8
Ao H CAWRKY114,.CdAWRKY3,.CdWRKY 126
AICAWRK Y60 () motif 5 it fix /b, 1 CA{WRK Y 128
FICdAWRKY 108 i motif it i e £ , ¥ H 841~ i A
i 2F i WRKY 25 741 o B motifl, 3@ B A~ 5k
JF IR0 A WRKY K& PR 505 #F Ak 1Y) 3 2240 8B 45
It H motifl H7E CdWRKY 114 ,.CdAWRKY3.CdWRK

80 - = AR
S
i VU
65 KA
60 | 60
2 44 a7
g 1 40
Z 40F m 36
18 34 —
® 30
20F 17
I Il m

KA Family classification
3 BFREEMEY WRKY HEREFERBELLR
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Fig.4 Analysis of conserved domains and conserved motifs of Cd WRKY's transcription factors
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Fig. 5 Collinearity analysis of Cd WRKY's genes
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Fig. 6 Collinear relationship of WRKY genes between bermudagrass and Arabidopsis, Oryza sativa
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Note: The gray line in the figure represents all the collinear fragments of the bermudagrass genome with the Arabidopsis and Oryza sativa

genomes, respectively, and the red line represents the WRKY gene pairs with repeated fragments
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Fig.7 Promoter cis-acting elements analysis of Cd WRKY's gene family members
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Fig.8 Transcriptome analysis of Cd WRKY's genes under

alkaline salt stress
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Fig. 10 Expression of Cd WRKY's under alkaline salt stress
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Fig. 11 Homology analysis of salt tolerance related genes in bermudagrass, Arabidopsis thaliana and rice
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(Coptis chinensis)"*" W55 45 B — . AIE N J5 &k
Ty Be 5 1F (4 40 1) 77 5 o JF H R — 41 #9 motif B 28
T HEB G 155 B2 AL, 40 Group T 20 v A4 BT A7 B 52 2
B A 4 15 AR [R] FLHE S0 — 208 motif, A,
Motif5 Fl Motif10 B A7 7E T 45 5E 19 43 20 v, eI i 31
GO R CdWRKY s f8 BEAG 2 B v i1 BE D Be 43 16 BT
. 534, CAWRKY FIG W 5L & A DR ~F 2 7 09 45
g 1~104>, MW A 1 ORSF JE 7 AR R 25 4 1) 22 7 3
B CdWRKY B[R G 0 & FEAS W] B Ty g

5 DRI A2 1) 2 A 2 TR 06 o 7 7 44 1Y S 22 K B
F12Z— SR R B S R B0 A o )2 5 R A i 1)
PRl EZIE R 75 & R (Poncirus polyandra) ™,
WRKY FE [F G2 A7 A 4 %] 53 1056 5 52 5 R R 20 X6 7 Bt
SIS, ARG RS Y 654 SE K & il
5,9 R 116 40~ WRKY 2, i 901 WRKY 2
P K 574 BEEZ il S, 16 4~ WRKY SEH ¥ % 8
A H I L R R AE A R AR (Lonicera
japonica)™ ABASHE (Eremochloa ophiuroides)"™ 5k
Y R, e A R v R B S T g
S CAWRK Y s 3 G2 i 51 1) 24 315 7 =

P T LAGE S 98 R AR o A R S
3 F T 1 R R A G A K R I a R RE T, LR
HEIAE AR LW RUVE D 30 T AR AR . AR SR & B
1 28 M WRKY 5 K 6 %5 1Y 3 8 1 P AA e R
SV R ) R 2R i o 2 A T,
B WRKY J [F AT e 2 5 48 P 10260 98 47 I 2%

3.3 CAWRKYs £E¥F e R RIEERX 55

B S B P BT W], 114 CAWRK Ys 3 5 Y
& IR AE BICPE AR P 38 R A A S AR i R R B
W F R L B0 CdWRKY's 3 5 i 76 v 3
JopaE RO R A K R E A T R TR 2 A
GO &EHE M EW ,F L CAWRKYs 5 I #5356 v A
DNAZ5& W FiG M X, H CAWRKYsTE 5% T
SRR R DG 9 4 B 2 g 3 I AR R R
e WA dom B, R & CAWRKYS9,
CAdWRKYS81,CdWRKY 113 5 CdWRKY 126 W] fig
JEA A WRKY 5 BB 50 Hh o] 48 B 1 66 Jolk 3 1) =
A HE R 7 3k 4 L TR A0 ] 2 5 B R T Y
Ko 2 KR e A IR AR SR o

4 it

AW 5 % 7 50 0 F R WRKY 36 [R5 ai b3 ik
TT7T RS W% &S 385w h 129 4
CAWRKYs, EATT AN 5] Ho 5y A7 6 18 2k Y fafk |- .
W RGE LT CAWRKYs 2R 1 1A
3 K TH R Ta~e5NEH. ERRH
S L AT RN R EL NN A B E
It CAWRKYs R b EZ ) 1 o 5 sk 45K
P4y BT S5 114 CAWRK Ys 5 [ of 78 5 2 £5 i
Hmoh R B E KA, gQRT-PCR 45 & &~ ,
CdWRKY59, CdWRKYS81, CdWRKY113 5
CAWRKY 126 fE Wi TARBL 3 22 e R ik . A
o at BNt — L HE R CAWRKYs I REZEE T
BER , Ay A 2 AR Al ) R B R R L T S
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